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Abstract 

Background: Dental caries is one of the most common chronic childhood diseases affecting a large portion of 
children in the United States. The prevalence of childhood dental caries in Kentucky is among the highest in the 
nation. The purposes of this study are to (1) compare sociodemographic differences between caries and no caries 
groups and (2) investigate factors associated with untreated dental caries among children who visited a mobile 
dental clinic in South Central Kentucky. 

Methods: Study subjects were children aged 6 to 15 years who participated in the school-based dental sealant 
program through the mobile dental clinic operated by the Institute for Rural Health at Western Kentucky University 
between September 2006 and May 201 1 (n = 2,453). Descriptive statistics were calculated for sociodemographic 
factors (age, gender, race/ethnicity, insurance status, and urban versus rural residential location) and caries status. 
We used chi-square tests to compare sociodemographic differences of children stratified by caries and no caries 
status as well as three levels of caries severity. We developed a logistic regression model to investigate factors 
associated with untreated dental caries while controlling for sociodemographic characteristics. 

Results: The proportion of children having untreated dental caries was 49.7% and the mean number of untreated 
dental caries was 2.0. The proportion of untreated dental caries was higher in older children, children with no 
insurance and living in rural residential locations, and caries severity was also higher in these groups. Odds ratio 
indicated that older ages, not having private insurance (having only public, government-sponsored insurance or no 
insurance at all) and rural residential location were associated with having untreated dental caries after controlling 
for sociodemographic characteristics of children. 

Conclusions: Untreated dental caries was more likely to be present in older children living in rural areas without 
insurance. Health interventionists may use this information and target rural children without having proper 
insurance in order to reduce geographic disparities in untreated dental caries in South Central Kentucky. 
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Background 

Oral health plays an important role in maintaining a 
healthy human body. Good oral health enhances our 
ability to perform a variety of oral and ingestive func- 
tions, such as speaking, chewing, and swallowing; how- 
ever, oral diseases, ranging from untreated dental caries 
(tooth decay) to oral cancer, cause pain and disability for 
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millions of Americans each year [1]. In addition, poor 
oral health is associated with chronic diseases and ill 
health, such as cardiovascular disease and low-birth 
weight [2-4], 

The Commonwealth of Kentucky exceeds the U.S. 
average for dental health problems as 13% of adults aged 
over 18 years are missing all of their teeth, compared to 
6% nationally, placing Kentucky as the nations highest 
percentage of edentate (toothless) persons [5]. The 
prevalence of dental abnormalities, such as untreated 
caries, is also high among children in Kentucky [6,7]. 
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Approximately 42.8% of Kentucky's children before 
reaching the age of five have severe early childhood den- 
tal decay and 393% of these children have never visited 
a dentist [8]. Moreover, tooth decay is the single most 
common chronic childhood disease affecting 20% of pre- 
schoolers, 50% of second graders and nearly 75% of 15 
year olds in Kentucky [9]. 

Rural residents in Kentucky are less likely to have den- 
tal insurance, compared to urban residents, and not hav- 
ing any form of dental insurance is associated with 
childhood dental caries [10,11]. Compared to rural areas, 
a greater proportion of residents living in urban areas 
have higher dental insurance coverage and dental care 
utilization rates but they do not necessarily have better 
dental health [11-13]. Various social and physical bar- 
riers to oral health care, such as no means of transporta- 
tion to dental clinics and dentists not willing to accept 
Medicaid-insured children, are important issues related 
to poor dental health [14-16]. 

Governmental and non-governmental assistance pro- 
grams, such as Medicaid, Kentucky Children's Health In- 
surance Program (K-CHIP), and SMILE Kentucky, 
provide basic dental services for children from low income 
families. However, the utilization rate of dental services 
among Medicaid eligible children is low in Kentucky. Only 
9.4% of Kentucky children eligible for Medicaid received 
early periodic screening, diagnosis, and follow-up treat- 
ment which was the lowest rate in the nation [9]. Research 
suggests that some children, despite having dental insur- 
ance, are not always receiving dental care because their 
parents are not able to take their children to dentists or 
not motivated enough to seek dental care for their chil- 
dren [17,18]. Untreated dental caries rates are high 
among children enrolled in public insurance, thus hav- 
ing government-assisted dental health insurance alone 
may not be fully effective in promoting better dental 
health [19]. 

Mobile dental clinics are another strategy to provide 
dental health care. Unlike stationary dental clinics, mobile 
clinics provide greater physical access to dental care for 
medically underserved populations in poor urban and re- 
mote rural communities, and many existing mobile dental 
clinics offer basic services at lower or no cost to the user 
[20,21]. School-based mobile dental programs are viable 
solutions to physical, financial, and structural barriers to 
dental care access for children [22,23]. Thus, children with 
all types of social, economic, and cultural backgrounds 
within predetermined geographic areas may participate in 
school-based dental care [24] . 

The Institute for Rural Health (IRH) at Western 
Kentucky University (WKU) is a university-based multi- 
disciplinary organization that collaborates with several 
departments across the university. A dental sealant pro- 
gram is provided to school-aged children at no cost to 



their parents or guardians through the Mobile Dental 
Unit that travels to participating schools throughout 
South Central Kentucky. With federal funding and a 
budget from WKUs College of Health and Human Ser- 
vices, the IRH has been providing services since 2001. 
Roughly 4,000 children have received preventive dental 
care services and dental examinations since the incep- 
tion of the program. 

This research reports on a pooled cross-sectional sec- 
ondary data analysis which examines untreated dental 
caries among school- aged children (6 to 15 years old) 
who participated in the dental sealant program and re- 
ceived oral examinations via the Mobile Dental Unit op- 
erated by the IRH from September 2006 to May 2011. 
We investigated the sociodemographic differences of 
children by caries status as well as the degree of caries 
severity, and examined factors associated with untreated 
dental caries among children living in South Central 
Kentucky. 

Methods 

Data were obtained from the Institute for Rural Health 
(IRH) at Western Kentucky University (WKU). We ana- 
lyzed secondary data on children aged 6 to 15 years who 
participated in the dental sealant program provided by 
IRH clinicians through the Mobile Dental Unit (MDU). 
The staff consisted of a full-time dentist, and a full-time 
dental hygienist. Students enrolled in WKU s Dental Hy- 
giene program were supervised by the MDU clinicians 
and assisted with the dental procedures. The program 
was offered to primarily second and seventh grade stu- 
dents residing in South Central Kentucky because the 
first and second permanent molars appear around these 
ages [25]. The event locations were scheduled in ad- 
vance, and appointments were made through the school 
where the service was provided. 

The event locations were mapped to show the general 
service area covered by the MDU. Events took place in 31 
different locations during the study period (Figure 1). Nine- 
teen locations (61.3%) were in Warren and Edmonson 
Counties which comprised the Bowling Green Metropol- 
itan Statistical Area defined by the Office of Management 
and Budget (OMB) [26]. Metropolitan areas (urban) are 
characterized by a core urban county and/or adjacent coun- 
ties containing a population of at least 50,000. Warren 
County contains the City of Bowling Green that has a 
population of more than 50,000 and Edmonson County has 
a strong social and economic connection to Warren 
County measured by commuting tie. In contrast, twelve lo- 
cations (38.7%) were located outside the metropolitan area 
or so-called nonmetropolitan (rural) areas lacking major 
population centers. Thus, they are considered remote rural 
areas. The majority of events (93.5%) were located in the 
Barren River Area Development District (BRADD), a group 
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of 10 counties encompassing South Central Kentucky. Two 
additional events were held outside this region. 

The selection of schools was based on the availability of 
the IRH s financial resources and coordination with local 
schools. The IRH initially started providing dental services 
to medically underserved children in selected counties 
within the BRADD and gradually expanded to other 
schools within the service area. All schools within the 
IRHs primary service areas, i.e., the BRADD or South 
Central Kentucky, were eligible to participate in the dental 
program. All services were provided at no cost to the par- 
ents or guardians of the children. All children, regardless 
of insurance status, were eligible to receive the services. 
All children who participated in the program underwent 
oral exams prior to dental sealant application. 

Data collection procedure 

All children were required to have a registration form 
completed by their parents or guardians prior to the ser- 
vice. The form included basic sociodemographic infor- 
mation, such as age, sex, race and ethnicity, new patient 
status, dental insurance coverage, and residential ad- 
dress. Parents or guardians were required to sign the 
general informed consent clause before the service was 
rendered to their children. The self-reported data on 
paper-based registration forms were transposed into a 
digital database by trained research assistants using 
Microsoft Access. Children who returned to the MDU 
more than once were excluded to avoid double counts. 



Clinical data analyzed included the number of un- 
treated dental caries. Dental caries is defined in a num- 
ber of different ways in the literature [27]. For the 
purpose of this study, dental caries was defined as clinic- 
ally detectable bacterial infections on external surface 
layer of teeth which causes demineralization and de- 
struction of the hard tissues [28]. As part of the dental 
sealant program, oral examinations were performed by 
the IRH s dentist and registered dental hygienist using a 
mirror, explorer, and air/water syringe in the fully 
equipped mobile dental unit. X-radiographs were not uti- 
lized. Dental hygiene students assisted the clinical staff 
during oral exams. Clinical data were entered into a separ- 
ate table which was merged with the demographic data by 
patient ID. This research was approved by the Institutional 
Review Board at Western Kentucky University. 

Data analyses 

The objective of this research was threefold. First, the 
descriptive statistics for the sociodemographic character- 
istics of children were calculated. Age was categorized 
into four groups (6-7, 8-9, 10-12, and 13-15 year olds). 
For race and ethnicity, non-white children were catego- 
rized into one group because of the small sample size. 
Insurance status was categorized into (1) private (dental 
insurance), (2) public (government-supported, e.g. Me- 
dicaid, K-CHIP), and (3) no insurance. Residential loca- 
tion was categorized into urban (the Bowling Green, KY 
metropolitan area) and rural (non-metropolitan areas) 
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status according to the OMB definition. The number of 
dental caries was categorized into at least one tooth with 
untreated caries and no teeth with caries. 

Second, sociodemographic characteristics of children 
stratified by caries status were compared using chi- 
square tests. Caries status was categorized into dichot- 
omy (caries versus no caries) and multiple caries cat- 
egories. The rationale behind using multiple caries 
categories in analysis was to examine the degree or se- 
verity of dental health [29]. Different dental health indi- 
ces and severity scores were used based on age of the 
subjects and research settings [30,31]. The frequency 
distributions of children with the number of untreated 
dental caries were plotted (Figure 2). Quantile classifica- 
tion method was used to categorize caries severity. In 
attempting to divide the distribution into roughly equal 
numbers of children, the following cutoffs of the number 
of teeth with caries were used: no caries (42.9%), 1 to 2 
(28.0%) and >3 (29.1%). This classification method was 
used to ensure that each category would have a suffi- 
ciently large number of samples to conduct chi-square 
tests. The analysis of multiple caries categories was 
performed on variables found to be significant from the 
initial tests using dichotomous categories. 

Third, factors associated with untreated dental caries 
were examined using multivariate logistic regression. 
Covariates included in the model were age, gender, race 
and ethnicity, insurance status, and residential location. 
Multicollinearity may apply to explanatory variables 
that are collinear [32]. Our logistic regression analysis 
identified that multicollinearity was not an issue with 
explanatory variables used in this research. Odds ratio 
(OR) estimates were summarized with 95% confidence 



intervals (CI). All analyses were carried out using SAS 
version 9.2. 

Results 

Sociodemographic characteristics of the children are 
summarized in Table 1. A total of 2,453 children were 
seen at the MDU during the study period. The majority 
of children are between the ages of six and nine years. 
The sex ratio is roughly equal between male and female 
children. In our data, 82.2% were white, 5.8% were black, 
and 4.0% were Hispanic. The proportion of having pri- 
vate dental insurance is 44.7%, while that of having pub- 
lic insurance is 38.0%. The proportion of children who 
had no insurance is 10.7%. There are slightly more chil- 
dren living in rural areas (57.8%) than in urban areas 
(42.2%). The proportion of children who had at least one 
untreated dental caries is 49.7%. 

Sociodemographic differences of children stratified by 
caries status are summarized in Table 2. Age, insurance 
coverage, and residential location are statistically signifi- 
cant in caries status (P <0.001) while gender or race and 
ethnicity are not statistically significant in caries status. 
Among the no caries group, the proportion of the youn- 
gest group (6-7 year olds) is 39.2% and that of the oldest 
group (13-15 year olds) is 6.1%. Among the caries 
group, in contrast, the proportion of the youngest group 
is 33.7% and that of the oldest group is 11.1% showing 
the increasing trend of caries with increasing age. 
Among the no caries group, 54.3% of children had 
private dental insurance. Among the caries group, how- 
ever, the majority had public insurance (44.6%) and the 
large proportion of children had no insurance (13.9%). 
Among the no caries group, 53.0% of children lived in 
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Figure 2 Frequency distribution of the number of untreated dental caries and summary statistics. Note: missing data and values greater 
than 20 were excluded. 
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Table 1 Descriptive statistics (n = 2453) 



Table 2 Sociodemographic differences of children by 
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P value 


6-7 
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36.4 
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8-9 
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Age, years (n = 2426) 












10-12 
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6-7 
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406 


33.7 


<0.001 


13-15 
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8.6 


8-9 
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49.0 




Gender 






10-12 
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6.4 




Male 


1199 


48.9 


13-15 
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6.1 
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11.0 




Female 
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White 


2016 
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Hispanic 
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White 


998 
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82.9 
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223 
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17.1 
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2 


0.1 


Private 
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8.7 
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White 
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Residential location (n = 
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<0.001 


Insurance coverage 






Rural 
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Urban 
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1096 
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1205 
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44.7 
38.0 
10.7 
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42.2 
57.8 

50.3 
49.7 



Note: The percent refers to column percentages. Due to rounding error, some 
totals will not equal 100%. Missing data were excluded. 



private insurance had the decreasing trend in the sever- 
ity of untreated dental caries with the largest proportion 
appearing in the no caries group (54.3%) and the 
smallest in the >3 group (34.9%). Children with public 
or no insurance, in contrast, had the increasing trend. 

Table 3 Sociodemographic characteristics of children by 
multiple caries categories 



Note: Sample characteristics for children aged 6 to 15 years who participated 
in the dental sealant program through the MDU operated by WKU's IRH 
between September 2006 and May 201 1. Missing data were excluded. 



rural areas while 62.9% lived in rural areas among the 
caries group. 

Age, insurance coverage, and residential location are 
stratified by three caries categories (Table 3). Statistical 
significance remained after taking into account the se- 
verity of untreated dental caries. Among the youngest 
group, the proportion decreased as the severity of un- 
treated dental caries increased (39.2%, 37.1%, and 31.4% 
for no caries, 1-2, and >3 groups, respectively). The 
reverse pattern is seen among the oldest group that 
the proportion increased as the severity of untreated 
dental caries increased (6.1%, 9.3%, and 11.5% for no 
caries, 1-2, and >3 groups, respectively). Children with 
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9.6 
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Urban 
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47.0 


239 


42.0 


192 


32.6 


<0.001 


Rural 


647 


53.0 


330 


58.0 


400 


67.4 





Note: The percent refers to column percentages. Due to rounding error, some 
totals will not equal 100%. Missing data were excluded. 
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Children living in rural areas experienced the increasing 
trend indicating that the severity of untreated dental car- 
ies is higher in rural areas than in urban areas. 

The odds ratios (OR) for children's caries status are 
summarized in Table 4. The oldest group is more likely 
to have untreated dental caries, compared to the youn- 
gest group (OR 1.53, 95% CI [1.08, 2.15]). There is no 
gender or racial differences in the likelihood of having 
untreated dental caries. Children who had private insur- 
ance are less likely to have untreated dental caries com- 
pared to children who had no insurance (OR 0.51, 95% 
CI [0.38, 0.69]). There is no difference in untreated den- 
tal caries between children who had public insurance 
and children who had no insurance. Rural children are 
more likely to have untreated dental caries compared to 
urban children (OR 1.28, 95% CI [1.06, 1.55]). 

Discussion 

Our results were consistent in all stages of analysis, 
which indicated that age, insurance coverage, and resi- 
dential location were important factors related to un- 
treated dental caries in school-aged children in South 
Central Kentucky. Older children were more likely to 
have untreated caries than younger children. Health 
interventionists may use this information to prevent 
dental problems in older children. It is during childhood 
that habits begin to form and the earlier children start to 
learn good oral habits the greater the impact it will have 
on them later in life [33]. Messages about practicing 
good oral health habits can be reinforced during child- 
hood development through providing dental education 
regularly. In addition, children in schools begin to make 
their own decisions and choices on what to eat [34,35]. 
School children are exposed to opportunities inside or 



Table 4 Odds ratios for untreated dental caries (n 
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10 to 12 
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Gender (ref. female) 






Male 


1.19 [0.99, 1.41] 


0.053 


Race/ethnicity (ref. White) 






Non-white 


0.95 [0.73, 1 .23] 


0.687 


Insurance (ref. no insurance) 






Private 


0.51 [0.38, 0.69] 


<0.001 


Public (government) 


0.83 [0.62, 1.12] 


0.225 


Residential location (ref. urban) 






Rural 


1 .28 [1 .06, 1 .55] 


0.009 


Note: Values in the parentheses are 9 


5% confidence interval. 





Missing data were excluded. 



outside school settings to purchase sugary beverages or 
snacks through vending machines [36]. Frequent con- 
sumption of sugary foods, along with poor dental hy- 
giene may explain the higher prevalence of untreated 
dental caries among the older school children [37,38]. 

In Kentucky, Medicaid Dental Programs are offered to 
eligible children under the age of 21 and the coverage 
includes basic services, such as oral exams, x-rays, emer- 
gency visits, and fillings [39]. In this study, however, 
public or government-sponsored dental insurance plans 
seemed to have little impact on having less untreated 
dental caries. Children covered through private dental 
insurance had fewer dental caries compared to children 
with no insurance. This finding is consistent with other 
studies documenting that children with Medicaid and 
CHIP have higher prevalence of dental diseases com- 
pared to children with private insurance [40,41]. Chil- 
dren with Medicaid and public assistance insurance may 
have limited access to and utilization of dental care due 
to various social, economic, and cultural reasons that 
prevent them from seeking dental care [14]. Particularly, 
persistent poverty and low income may be directly or in- 
directly affecting children's dental health [42] . 

This research showed significant urban-rural disparities 
in untreated dental caries, characterizing poor dental 
health among rural children. Contrary to our findings, na- 
tional level studies suggest no differences in caries lesions 
and caries experiences between urban and rural children 
[43]. This may be related to a number of factors. First, 
different definitions and indices of caries and dental condi- 
tions may be used in various research settings [27,44]. Sec- 
ond, urban versus rural areas may be defined differently. A 
study from Louisville, Kentucky, for example, showed that 
children living in the Louisville metro area, defined by the 
city zip codes, were more likely to have untreated caries 
compared to children living outside the metro area [11]. 
Other research uses the metropolitan area-based defin- 
ition which includes suburban or fringe counties of a 
metropolitan area as urban' [45]. Thus, different results 
may be obtained based on how urban and rural residential 
locations are defined and who resides in such locations. 
Lastly, it is important to note the possibility of data aggre- 
gation. Compared to national level studies, geographically 
disaggregated data may unmask subnational health dispar- 
ities, thus, it is likely to see spatial variability of health 
events using data at the local level [46] . 

There are other factors that may be associated with 
higher prevalence of untreated dental caries in rural 
areas. Rural areas are prone to dentist shortage as the 
number of practicing dentists is projected to start de- 
clining in 2014 due to mass retirement of older dentists, 
while dental schools are producing fewer graduates, and 
some dentists are not willing to practice in rural areas 
[47]. Dental caries experience among children was lower 
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in fluoridated communities than in non-fluoridated com- 
munities [48]. While some households with private well 
water supplies have excessive fluoride exposure, other 
households have lower fluoride levels, and many rural 
communities lack optimally fluoridated water supplies 
[49,50]. An additional factor to consider is the fact that 
residents of rural communities may have differing levels 
of knowledge, attitudes, and beliefs about oral health com- 
pared to urban residents which may impact caries out- 
comes [12,51]. 

There was no racial/ethnic difference in untreated 
dental caries in South Central Kentucky. The National 
Survey of Children's Health, however, reports suboptimal 
dental health among the minority groups compared to 
non-Hispanic white children [52]. The majority of the 
non-white children in our study lived in urban areas 
(72%). Urban children, however, had less untreated den- 
tal caries even after controlling for racial/ethnic differ- 
ence. The variation from the national trend in our study 
area should deserve greater attention and further research 
is needed to explain the absence of racial/ethnic disparities 
in untreated caries in South Central Kentucky. 

Limitations 

This study was subject to several limitations. First, the 
sample size for the non- white groups was small, thus, 
we were not able to perform our analyses using more 
specific racial and ethnic groups than non-white. 
Recruiting children in non-white groups is an inherent 
problem in Kentucky because the percent of black and 
Hispanic residents, for example, is well below the na- 
tional average [53]. In addition, our analyses did not in- 
clude a more direct measure of socioeconomic status, 
such as family income which may impact children's den- 
tal health. To compensate for this lack of data, we in- 
cluded insurance status and rural location as surrogates 
for family income. 

A pooled cross-sectional analysis did not allow the 
same population to be observed over the study time pe- 
riods. We were only able to assess sociodemographic dif- 
ferences of children by caries status. Following the same 
children from elementary schools to middle schools may 
provide more complete and accurate estimates of un- 
treated dental caries and greater insights into the pro- 
gression of dental health problems due to advanced age. 

In this study, untreated dental caries served as the indi- 
cator of poor dental health. Other commonly used indices, 
such as the decayed- missing-filled teeth (DMFT) index, 
was not used because not all data were available. Using 
other indices may produce different results. In addition, 
we examined untreated dental caries by reporting odds ra- 
tios rather than other statistical methods such as preva- 
lence ratios. It is preferable to estimate prevalence ratios 
instead of odds ratios in cross-sectional studies when 



disease is common [54]. Odds ratio, however, is a standard 
and practical method that fits the model with maximum 
likelihood estimates and requires fewer assumptions than 
prevalence ratio does [54,55]. Thus, our study is consistent 
with other epidemiological studies reporting odds ratios 
controlling for other factors. 

Lastly, this research was conducted using a conveni- 
ence sample of children whose parents had agreed to 
have their children participate in the dental sealant pro- 
gram provided by the mobile unit in schools. Children 
who participated in the program may have social, eco- 
nomic, and cultural traits that are different from ones 
who did not. The IRH targets medically underserved 
children, but all second and seventh grade children in 
participating schools were eligible to receive preventive 
dental care services regardless of their socioeconomic 
status. During the dental screening, however, some 
children were not cooperative and did not finish the 
complete procedures and/or examinations. In addition, 
we pooled samples from five academic years (September 
2006 to May 2011) to increase sample sizes and statis- 
tical reliability. We excluded returned children to avoid 
double counts in all analyses. 

Conclusions 

Older ages, public insurance or no insurance, and rural 
residential location were important factors associated 
with having untreated dental caries in school-aged chil- 
dren in South Central Kentucky. Gender and race/ethni- 
city, however, were not significant factors associated 
with untreated dental caries. This information may be 
useful in planning school-based dental programs and 
target children in rural areas without dental insurance in 
order to reduce dental health disparities. 
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